The diversity of aquatic resources in Thi Nai Lagoon decreased due to the lack of harmonious use and integrated long-term planning on the use of living resources. There remained a lack of mechanisms and regulations for coordination of activities in the lagoon by Binh Dinh Provincial People's Committee (PPC). The aim of the study was to investgate the aquatic species and water quality in Thi Nai Lagoon, Vietnam. Data were collected at 23 different points on Thi Nai Lagoon, with three replicates at each point. There were 106 species of fish presented on the lagoon and in different sizes, including 17 mollusc species and 15 crustaceans species. In the dry season, there were 167 phytoplankton species in five divisions, 10 classes in 39 orders in 59 families including 77 genus. Zooplankton had eight chordata in 10 classes of 18 orders including 44 families, 64 genus and 102 species. Arthropoda had the largest number of species, 78 species, accounting for 76.5% of total species. In the rainy season, only 48 species of Arthropoda, Cnidaria, Annelida, Chaetognatha and Rotifer were affected and some were not encountered in the wet season, such as mollusca and chordata. While water quality variables were still good for aquaculture, within permitted limits of TCVN standard and criteria, there were still problems caused by production discharges and living activities of inhabitants around the lagoon, such as sedimentary matters.
Introduction


Thi Nai Lagoon has an area of 5,060 ha, located at the river mouths of Kon and Ha Thanh, the two big rivers of Binh Dinh province, with a wide tidal flat. The ecosystem in the lagoon is quite rich and diverse. Thi Nai Lagoon has 1,000 ha of mangroves and 200 ha of seagrass, favorable for the growth and development of aquatic resources [1, 2] . The lagoon housed more than 119 species of fish, 14 species of shrimp and dozens of other valuable aquatic species [3] [4] [5] . Furthermore, Thi Nai Lagoon has been the source of income of thousands of inhabitants living along the lagoon [4] [5] [6] . Tuy Phuoc coastal region had a strong marine economy and had witnessed rapid growth of fish capture, aquaculture and tourism, which was a sign of growth of the whole economy. However, the lack of good planning, the imbalance of investment as well as the diversity of economic actors and livelihoods on the lagoon caused the imbalance of the ecosystems. The weak management of biological resources and inadequate protection of the coastal environment also hindered effective use and sustainable development of the coastal area of Binh Dinh province and worsened the current problems [4] [5] [6] . The existing problems included: (1) lack of integrated long-term planning on the use of living resources and harmonious management between coastal and lagoon land uses; (2) lack of mechanisms and regulations for coordination among agencies under the local government-Provincial People's Committee (PPC); (3) lack of an appropriate management approach, such as community-based integrated resources use and management, which has D DAVID PUBLISHING Biological Resources for Development of Aquaculture in Thi Nai Lagoon, Vietnam 99 not been studied yet. The aim of the study was to investgate the aquatic species and water quality in Thi Nai Lagoon, Vietnam.
Investigation Site and Methods
Study Site and Time
The investigation site in the study covers the entire watershed of Thi Nai Lagoon and the livelihood activities of the villagers along the lagoon.
Investigation was conducted from October 2015 to February 2016 (rainy season and collected in November) and March to September 2016 (dry season and collected in June).
Variables Measured
There were 23 points on the lagoon, positioned and marked by GPS (Fig. 1 ) and stated for sample collection during two seasons (dry and rainy). In each point, three samples were collected for water quality and aquatic resources analysis (assessment of different species and biodiversity) on the system. There were total 138 samples collected and analyzed.
Specimens were collected directly at the sampling sites ( Fig. 1 and Table 1 ) by boat. Some samples were collected at local markets by fishermen caught in Thi Nai Lagoon. Species composition was determined and classified on the basis of morphology characteristics and the documents of Khang [7] , Phu [8] and Dinh et al. [9] .
The water quality including temperature, clarity, turbidity, conductivity (EC), total solids, total dissolved solids (TDS), pH, salinity (‰) and oxygen demand (DO) was determined by the multifunctional environmental meter (Fig. 2) . The content of CaCO 3 , HCO 3 -, NO 3- , NO 2 , NH 4 + , N, biological oxygen demand (BOD 5 ), heavy metals, organic plant protection chemicals and total coli form were analyzed in the laboratory. Before that, the water sample would be stored at 4 °C. Then data were analyzed by SPSS 10.0 for average of variables.
Results and Discussion
Biodiversity of Thi Nai Lagoon
There were 106 species of fish presented in the lagoon, of which 10 species were often caught by local fishermen using traditional gears, such as grill nets, bottom nets and enclosed nets ( 
Water Quality in Thi Nai Lagoon
The data in Table 4 showed that in Thi Nai coastal area, the average value of environmental parameters in rainy season, such as temperature, clarity, conductivity (EC), total solids, pH, CaCO 3 concentration and HCO 3 -, are higher than that in the dry season 2016.
Average concentrations of NO 3 and NO 2 are not found in water quality samples in Thi Nai Lagoon. However, the average values of some parameters, such as turbidity, TDS, DO, NH 4 + , total N, total P, BOD 5 A1: water quality is well used for domestic water supply and other purposes; A2: water quality is good for domestic water supply, but suitable treatment technology must be applied; conservation of aquatic plants and animals; B1: used for irrigation or other irrigation purposes with similar water quality requirements; B2: waterways and other purposes with low quality water requirements.
Biological Resources for Development of Aquaculture in Thi Nai Lagoon, Vietnam 104 (7,300 ± 5,233 MPN/100 mL) in the rainy season in 2015, whereas in the dry season 2016 only 161.7 ± 73.2 MNP/100 mL. They were within the permitted limits of QCVN08-MT:2015/BTNMT [10] , QCVN10-MT:2015/BTNMT [12] and QCVN38:2011/BTNMT [11] . Thus, the monitoring results showed that the seawater in Thi Nai Lagoon showed signs of slight organic pollution (especially nitrogenous compounds) and micro pollution.
Furthermore, the value of the environmental parameters has a relatively large variation between sampling sites. However, these values are within the limits of Vietnamese water quality standards, such as the seawater level of Thi Nai Lagoon was relatively high. In the rainy season, it ranged from 50.0 cm to 250.0 cm with average 137.5 cm, while in the sunny season on average 256.7 cm. Turbidity in the rainy season ranged from 2.9 NTU to 5. [11] . The temperature of the lagoon was within the allowed limits for shrimp culture under QCVN02-19:2014/BNN&PTNT (national technical regulation on water-based shrimp culture facilities: conditions for ensuring verterinary hygiene, environmental protection and food safety) [13] . Temperature ranged from 30.04 °C to 33.85 °C . Clear height varied from 50.00 cm to 130.00 cm, within the limits by QCVN02-19:2014/BNN&PTNT [13] . Turbidity varied from 1.20 NTU to 17.10 NTU with average 9.78 NTU. Turbidity standards are not specified in current standards or quality standards for aquatic products, but according to the document by Le Cat et al. [14] , turbidity below 45 NTU does not affect shrimp or fish. As such, turbidity levels in the Thi Nai Lagoon were still within the acceptable limits for aquaculture operations. The average pH value was 7.17 and varied from 6.10 to 8.20. Thus, according to QCVN02-19:2014/BNN&PTNT [13] , Thi Nai Lagoon pH was still within the acceptable limits. Salinity fluctuations ranged from 0.00‰ to 26.30 ‰. The area of Kin river mouth was very low. Quy Nhon estuary area had the highest salinity. Alkalinity varied from 50.00 mg/L to 160.00 mg/L and is within the limit of QCVN02-19:2014/BNN&PTNT [13] . DO content varied from 3.55 mg/L to 8.92 mg/L and is still within the limit of QCVN02-19:2014/BNN&PTNT [13] . The content of NH 3, NO 3 -, and BOD 5 were very low, within the limit of QCVN08-MT:2015/BTNMT (national technical regulation on surface water quality, column A2) [10] . The total density of coliform varied from 95.00 MPN/100 mL to 240.00 MPN/100 mL. This density was quite low as compared to the limit of QCVN08-MT:2015/BTNMT (column A2) [10] . Organic carbon content varied from 0.20% to 2.20% of dry land, with 1.07% of dry land on average. Nitrogen content varied from 0.02% to 0.06% of dry land and phosphorus varied from 0.03% to 0.08% of dry matter. On the other hand, while most of the environmental parameters are within the safe limits, the values of some parameters exceed the limits, in the rainy season 2015, included:
( (3) The average content of coliform (7,300 MPN/100 mL), ranging in 3,600-11,000 MPN/100 mL. It The result in Table 5 showed the content of heavy metals and organic plant protection chemicals in sediments of lagoon. In the rainy season 2015, the content of metal Cu ranged from 8.80 mg/kg to 77.70 mg/kg dry soil. The content of metal Zn varied from 16.80 mg/kg to 132.80 mg/kg dry soil. Fe content varied from 8,185.20 mg/kg to 30,512.50 mg/kg dry land. The content of metal Pb varied from 4.26 mg/kg to 45.43 mg/kg dry soil. The content of metal Cd ranged from 0.02 mg/kg to 0.31 mg/kg dry soil through survey sites. The content of heavy metals was very low as compared to the limit allowed under QCVN38:2011/BTNMT.
In the rainy season 2015, As content ranged from 0.12 mg/kg to 0.41 mg/kg dry land; Cd ranged from 0.02 mg/kg to 0.31 mg/kg dry soil; Pb ranged from 1.70 mg/kg to 2.70 mg/kg dry land; Cu ranged in 19.00-0.20 mg/kg dry land. The content of these metals in bottom sediments was lower than the limit allowed under QCVN38:2011/BTNMT.
The results of pesticide residue analyzes in the sediments shown in Table 5 indicated that the deposition of pesticides was not detected in most of samples in the dry season 2016. Chlordane, DDD and DDE were found in sediment samples in Thi Nai Lagoon in rainy season 2015 with 0.116 ± 0.281, 1.429 ± 1.485 and 0.725 ± 0.505 μg/kg, respectively. These values are within the allowable limits of QCVN38:2011/BTNMT. Therefore, the water environment in Thi Nai Lagoon has no pollution by heavy metals and pesticides.
Conclusions
Research shows that in the Thi Nai Lagoon, there are potential aquatic resources with 106 species of fish, 17 species of mollusks and 15 species of crustaceans. Some potential aquaculture species include: Therapon jarbua, Mugil cephalus, Mulgil kelaartii, Cynoglossus puncticeps, Caranx carangus, Arothron immaculatus, Siganus oramin, Meretrix meretrix, Meretrix lyrata, Penaeus monodon, Ranina ranina, earth shrimps, blue crabs and blue crabs, etc..
The monitoring results show that the water quality in Thi Nai Lagoon is suitable for aquaculture, with no pollution by heavy metals and pesticides.
However, in the rainy season, there are signs of mild organic pollution.
